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Mean departures. .
Altitude above __| Meanof g and
ground. b by weight.
a b
Maters,| Fesl. | °C. °F. ° (. °F. o(. e F.
171 561 5.46 9.6 5.75 10.3 5.53 10.0
1,000 | 3,281 5.48 9.8 5.14 9.3 5.20 9.4
2,000 | 6,562 5.54 10.0 5.74 10.3 5.63 10.1
8,000 , 843 5.97 10.7 6.30 11.3 6.1 11.0
4,000 | 13,124 6.17 11.1 6.50 11.8 6.36 11.4
5,000 | 16,404 5.91 10.6 6.32 12.3 6.34 11.4
6,000 { 19,685 6.53 11.8 6.63 11.9 6.59 11.9
7,000 | 22.966 6.81 12.3 6.15 11.0 6.45 11.6
8,000 | 26,247 6.45 11.8 5.70 10.4 6.05 10.8
9,000 , 528 6.61 11.9 4.81 8.7 5.55 10.0

a Balloon ascenulons between April, 1898, and the middle of February, 1898,
b Balloon ascensions between February and J uly, 1899,

PRELIMINARY RESULTS OF WEATHER BUREAU KITE
OBSERVATIONS IN 1898.

Woe have already stated in the MoNTHLY WEATHER REVIEW
that after the preparatory work in the construction of kites
and meteorographs had been brought up to a favorable con-
dition by Prof. C. F. Marvin, it was ordered by the Chief of
the Weather Bureau that a number of stations should be
equipped with this apparatus and observers drilled in its use,
so that the determination of atmospheric conditions over a

considerable extent of country, at the height of a mile above |

sea level, might be carried out in a systematic manner, day
by day, sub_]ect only to the omissions that necessarily occur
when rain or calm prevented a kite ascension. In addition
to the experimental station at Washington, sixteen others
were provided for early in the year 1898, and regular gbser-
vations began during the latter part of’ the month of Apr11
The records for the six warmer months, May to October, in-
clusive, have now been partially reduced by H. C. Franken-
field, Forecast Official, and published under the title of
Weather Burean Bulletin F. Vertical Gradients of Tempera-
ture, Humidity, and Wind Direction. A Preliminary Report
on the Kite Observations of 1898. -

Owing to the unexpected demands suddenly precipitated
upon the Bureau by the war with Spain, and the consequent
immediate extension of the Weather Bureau Service over the
West Indies, kite work was temporarily relinquished in No-
vember, 1898 ; but three stations still continue making ascen-
sions, one daily, and two whenever possible.

As the kite undoubtedly offers the hest possible method of
getting at the true temperature of the atmosphere in per-
fectly free air, at considerable altitudes, it was especially im-
portant that the temperature observations should be promptly
reduced and published. Dr. Frankenfield’s report probably
gives us the most extensive information available as yet as to
the conditions of the atmosphere up to the height of a mile
ahove the surface of the ground. The details of the obser-
vations and computations are given in full for the use of
special students in Bulletin F, but the following general re-
sults will be of universal interest.

The Marvin kite-meteorograph keeps a continuous record
of pressure, temperature, moisture, and wind velocity, but the
adopted plan of observation included frequent additional spe-
cial observations of the apparent angular elevation of the
kite and the length of wire paid out from the reel, whence
the true altitude can be computed without depending upon
the barograph record. Observations of this kind were made
as nearly as practicable at each 500 feet of altitude, while at
the same time the rate of ascent or descent of the kite was
temporarily checked, so that the thermometer might certainly
come to the temperature of the wind at that elevation. These
special observations are the only ones discussed in Bulletin
F; they usually began early in the morning, but in the case
of high ascensions they necessarily lasted over until the after-

noon; very rarely were two ascensions made in one day. The
mean of the morning and afternoon series generally corre-
sponded to about 10 or 11 a.m. and it is these means that
are now reprinted from Dr. Frankenfield’s work, to which we
must refer for the separate results. The total number of as-
censions discussed by him amount to 1217, and the total
number of observations of each element, not including those
at the ground, amounted to 3,885. The distribution of the
ascensions and altitudes is shown in Tables 1 and 2.

TABLE 1;—S1tmnza.ry of stations and observations.

| 4 |E . g Number of observations at the respective
! 2. ‘BE ou altitudes above ground.
#P 182 7 - : :
S (T . s s | 3
savons. | BS [FE/E g 2 g g gid §1g %]
§§"5§"5§8;3|388i8|8|38 =
s 581”818 88|88, 8/818|%
=] a & || eflof | w |8 | &S| |d ]| B
Washington .. 115(5.0; 8 | 51) 52| 531 ®W | 19 9 7 3 1
Calro «veove enn 815 [ 5.6 | 39 6| 8 81/ 23| 19 4.
Cincinnati...... 940 | 5.0 | 88 3 T %) 19] 16 9
Fort Smith.... 5| 50| 19| 12| 18| 18 8 ]
KEnoxville 990 | 5.0 | 19 8 8 8 8 2
Memphls 4.3 37 18| @ | X W[ A
{) eld 50( 46) 15| 52| 531 281 15
Cleveland . 5.0| 98| 201 62| b5 48
Duluth.......... 58 96! 61| 71| 83! 60! 82
Lansing ........ 869 1 5.0| 58 28( 23| 22| 384
Sault Ste. Marie| 722 5.3 | 74 7| 42| 46| 39
d 6.0 (138 | 119 | 128 | 118 | 106
894 [ 5.7 65| 19| 32| 40 35
6.0 132 | 50| 162 | 133 | 102
4.5 61 0| 29| 50 45
5.5(134) 96105 91 65
6.0 Q! 681! B85} T <2
..... 1,217] 603 | 406 | 928 | 746
TABLE 2.—Mean temperature gradients from the ground up to the respect-
ive altitudes and the number of observations.
i e
.‘...!..‘..I.%’
= -~ - -« - - Ty - e S
< @ I3 [ @ Q@ I @ [ LY -
Stations, g gjeleig|& 8|8 & BB
d"
'glgle|s|gs 58|88 &
-, o= | ef o <+ | 5| < = | o |Fg
[+] o
Washington, D. C........ 5.6 4.4| 4.0
61 62 53 223
Cairo, Ill....c. vievinenns 9.7 | 6.6 6.0
6| 33| 31 116
Cincinnati, Ohio......... 13.0] 6.3| 6.9
3 7| 8¢ 81
Fort Smith, Ark......... .2l 7.0 6.7
12| 18| 18 68
Knoxville, Tenn......... 8.4 6.2 6.6
8 8 8 34
Memphis, Tenn .... ..... 7.8] 68| 5.0
16 22| 27 117
Springfield, 111 .......... 7.6| 57 b.1
16| 62| &8 174
Cleveland, Ohio ......... 571 4,11 8.6
29| 62| &5 237
Duluth, Minn ........... 5.2| 4.8]| 4.6
6l| Tl 83 325
Lansing, Mich ........... 7.5 6.0 4.7
23 23| @2 i34
Sault Ste. Marie, Mich ..| 6.6 | 6.2 5.2
7| 42| 46 180
Dodge, Kansg....... «..es 6.31 521 4.8
- 19| 123 | 118 673
Dubuque, Iowa ......... 6.9| 5.9 4.6
19| 33| 40 148
North Platte, Nebr...... 68| 6.5| 5.9
70 162 | 133 626
Omaha, Nebr ......coconfoeenes 5.4 4.9
..... 29| B0 186
Pierre, 8. Dak cc.ccovenene 591 51 4.8
96 | 106 | 91 416
Topeka, Kans.....cvveeus T4 6.2 4.9
68| 65| 76 319
Moean. .. seesssecsnns 7.4 58| 52
603 | 906 | 928 3,835

TABLE 3. —Mewn decreasa of temperatum Srom the g'round up to the napect-
ive altitudes.

i |
1,000¢¢.}1,500 £t |2, 000 2.8, 000 1t. |4,000ﬂ;i ,ooott.lo,oooft. 7,000£t./5, 000 .
i | : |
| |_ : -_.--: 1
o °© | o l [ ‘ o | °o | o | o | o
Morning...... 7.2 5.5 | 4.8 4.0 3.7 1 3.7 3.0 1 3.4 3.0
Afternoon .. 7.5 6.4 ! 60‘ 55‘ 49’ 4.8 4-5] 3.5[ 4.9
1 H
Mean ....ossee 7.4 5.8 | 5.2 4.4 4.0 3.8 4.1 : 8.4 4.0
— i | !
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TaBLE 4.—Mean decrease of temperature by geographical districis. point above sea level one must consider the altitude of the
T TS TS T e TE T2 o =T . 7 |ground given in Table 1. This has been attempted by the

) 218 138318|8|81&8|8!|8 |58 54|84 |Editor in Table 5, which gives the average distance from

Distriots. g|g8!8|8/8|8|g|8|8g|s5|28|%E |each station up to the stratum that is 1 mile above sea level,

R A I I A AR A R R 3~ |and the average gradient of temperature from the ground up
olololololololole i" 7 to that level. It also gives the resulting reduction to be ap-

Atlantlc coast ....... 5.6 |4.4|4.0[85|52]30(31[30|s0| 1! s as|plied to the surface temperature in order to reduce it upward
e arehod T otPPl | g 01 6.4 | 6.0|50 45| 400] a0 .. Y] ms'g s | b0 that level, which, however, is strictly applicable only to
Upper Lake reglon...| 6.2 | 5.8 (4.5 4.2 (4.1(3.7 |44 [4.0,..... 4| 81, 86| the general average of the six months of observation. One-
Central west......... |6.6157) 5014018628 4.2 8649, 9| 0| > %I ha]f of this reduction is the argument for obtaining the tem-
| 17 1,217 | 3,88 perature correction for use in reducing surface pressures for

At the present stage of its development, the Weather Bureau
kite, having 68 square feet of supporting surface, can not he
depended upon to carry up the Marvin meteorograph, weigh-
ing 2.2 pounds avoirdupois, unless the wind blows at the
rate of 10 miles per hour. These present observations, there-
fore, do not relate to calm weather, such as prevails in the
central portion of an area of high pressure; neither do they
relate to the stormy and rainy weather within an area of low
pressure, except in a few rare cases; but, in general, they do
fairly represent the condition of the atmosphere in all inter-
mediate stages. The percentage of actual to total possible
ascensions varied from 75 at Dodge to 12 at Knoxville.

The observed temperatures are not published in this bulle-
tin, but the individual rates of change from the ground up to
any given altitude are all given, so that local gradients may
be deduced and studied.

In Tabhles 2, 8, and 4 we have given the most general
results, such as may be supposed to represent the anpual
average condition of the atmosphere. The means at the
bottom of Tables 2 and 3 apply in a general way to the
average for the six warm months over the entire territory be-
tween latitudes 356°-50° N. and longitudes 75°-100°W. Some
such general means as these are needed in computing the gen-
eral reduction of surface temperatures and pressures to the
upper l-mile level in order that we may compare the isobars
and isotherms deduced from observations at the surface of
the earth with those that are based upon records obtained hy
the kite meteorograph. Doubtless the actual observed tem-
peratures and pressures for these kite ascensions, as well as
the upper and lower reduced values, will be published at
some future time.

The inversions of temperature on many occasions were quite
appreciable. These cases were evenly distributed through the
8ix months, and extended up to 1,500 feet in the early morn-
ing in some cases. In general, strong inversions took place
with light southerly winds, but slight inversions with strong
northerly winds. The presence of clouds diminished the fall
of temperature greatly, and in some cases was accompanied
by a decided rise of temperature. Dr. Frankenfield’s sum-
maries give the gradients for both the morning and after-
noon observations separately, as also for clear and cloudy
weather. He has also given the cases of inversion in detail.

In using the temperature gradients here given, the reader
will recall that the figures represent the differences hetween
the temperature at any specified height and that at the
ground, divided by the height expressed in wunits of 1,000
meters. These quotients, therefore, are the average gradients
throughout each such column from the ground up to any
given height. They can not properly be supposed to hold
good for the middle point of each column unless the diminu-
tion of temperature follows a very simple law. If we desire
to know the average gradient at the center of any column
1,000 feet in height, we must reconstruct the curve of tempera-
ture and measure off the local gradient at the desired altitude.

The altitudes stated at the top of each column are sup-
posed to be measured from the ground upward and not from
sea level ; therefore, in order to obtain the gradient at any

the 1-mile level. Finally, the table gives the average tem-
perature gradient at the 1-mile level for each of the seventeen
kite stations.

TasLE 5.
Lol
- 2 5 82 | Bgs | S
g g B3 | LB | 8gg EE
1 - 1S o g 5 2o
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Diatricts and stations. °g SR 7 0% 2% B
ox | 28 | B | Sw |2Es | oF
s & 7% oE: | SEE . B
B = s 89 | dg=S0 o
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= © 3 oud | o005 B+
« = -« [ o <
Atlantic coast. Feet Feetl. o o ° o
Washington, D. C....o-c ... 15 5,165 —3.00 —15.5 — 7.8 —3.0
Central Mizzissippi Talley.
Calro,Ill.eevvevannen aens 315 4, 965 —4.30 —-25.6 —12.8 —4.8
Cincinnati, Ohio.... 940 4,340 —5.15 -27.5 —13.8 —5.3
Fort Smith, Ark .... 527 4,758 [sieievnenn]eerrasneaafonnansonralinaiaanee,
Knoxville, Tenn .... 990 4,290 —5.00 —21.5 —10.8 —4.9
Memphis, Tenn ........c... 319 4,961 —3.50 —17.8 — 8.6 —3.5
Springtield, Ill............. 684 4,596 —3.85 —17.7 — 8.8 —3.8
Tpper Lakes.
Cleveland, Ohio ........... 705 4,57 -4.10 —~18.8 — 9.4 —4.1
Duluth, Minn .eoeaivianane: 1,197 4,083 -—4.80 —~17.6 — 8.8 .3
Lansing, Mich ............. 819 4,411 —3.85 —17.0 — 8.5 —3.9
Sault Ste. Marie, Mich..... ™R 4,558 —3.45 —15.7 - 7.8 —3.5
Central west.
Dodge City, KADS.......e.. 2,473 2,807 —4.10 —11.6 — 5.8 —3.9
Dubugque, Iowa..... So4 4, 386 —3.30 —~14.5 - 7.2 —3.2
North Platte, Nebr. 2,811 2,469 —5.40 —~13.3 — 6.6 —5.5
Omaha, Nebr....... 1,241 4,039 —3.20 —12.9 — 6.4 —3.2
Plerre, 8. Dak ....ccceveeee 1,595 3,685 —3.90 —14.4 - 7.2 —3.9
Topeka, Kans.......c.oenet a7 4,308 —3.83 —16.5 — 8.2 —3.8

In Table 6 we have made an attempt to determine for the
warm season the gradient at the middle point of each thou-
sand feet of altitude. In order to do this, the average gra-
dient from the ground up to any altitude, being multiplied
by this altitude, gives the figures in the column headed “Total
fall of temperature.” The next following column gives the
differences between these successive diminutions expressed
as gradients per thowsand feet. These gradients hold good
approximately for the middle of each layer. One might in-
terpolate midway between them in order to obtain the gra-
dients at every 500-foot level, but the irregularities apparent
in these figures suggest caution in this process.

. TaBLe 6.
Average gra- | Number | Total fall | Gradient per
Altitude above ground, feet. | dient from | of obser- | In tem- | 1,000 feet at
the ground. | vations. | perature. | each level,
8,000
7,500
7,000...
6,500...
6,000...
5,500. ..
5,000...
4,500...
4,000...
3,500...
3, 000
2,500
2,000...
1,750
1,500
1,250...
1,000...
500
0
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The relative humidity was recorded by means of a special| The direction of the wind at any elevation is almost exactly
form of bair hygrometer, and this, combhined with the tem-|given by the azimuth of the kite. A general study of these
perature, gave the vapor pressure computed for each observa- | directions is given by Dr. Frankenfield in connection with
tion. The average relative humidity is given in Table 7.|each station, and may be summarized as follows:
The ratio of the vapor pressure at any upper altitude to that| The upper winds show an increase in velocity and a slight
at the earth’s surface is given in Table 8. The results of work | progressive deflection toward the right, increasing with the
with balloons and kites are compared in Table 9, and give a |altitude, and rarely exceeding 90°. In the few cases of de-
remarkable confirmation of Hann’s well-known formula. flection toward the left, the velocity of the wind, as shown by
T 7 — Moan relative humidit the pull on the kite wire, diminished with increase of altitude.
ABLE 7. —/fledn reiative Rumaly. In a slight majority of these cases of deflection toward the
[§=at ground, A=above.] left, rain followed within a few hours. The diurnal changes
15005, | 2,000 £6.|3,000 £¢. | 4,000 £8. 5,000 .| 6,000 £¢. 7,000 2t. | 8,00 1t of the upper and lower winds were strongly marked at Duluth.
Stations. ' -
S|A s|A[slAa|s|a|s|als|als|a]|s|a
- T T i — THE AVERAGE TEMPERATURE OF THE ATMOSPHERE.
Washington.......| 78 | 69 | 75 | 67 | 77 | 64 75 | o1 | 80 | 60 | 78 | 66 | 73 | 50 58
gﬂ}'c:,’g;,;th : 0 g”; ;:5: 8 | &4 | 63 & & | 65 o e .{ When a long and complete series of observations with
ort Smit . T 4 v . 1 1 1 -
Ko mue AR AR - N i B - |sounding halloons and kites becomes available, we may de
mphi e I I HEE . | termine with great accuracy the normal temperature of the
;v‘é o %151 %4 (%358 |60 e |oa|5m| 0w -l |atmosphere over any station for each thousand meters of
Duluth ..... 707216669 |60 (656264 |61!57|58
Duluth............ R G B o |58 5 )% ... | altitude up to great heights. Meanwhile, however, the diagram
Sault Ste. Marie 80171781 60|78 668 6818078 .|l ] given hy Teisserenc de Bort in an article that we have trans-
ggbf,;;g? m |5 ;% S o o0 a5 || 2|00 RI®R =% lated and published on page 412 tempts us to make a first
or! a T veaele 3 i : - 3 : -
orth | | sl 405080 approximation to this fundamental datum in dynamic me
Pierre 6318681 5500 D260 4858 48 64 )....\. teorology. We can, however, only reason cautiously upon
opeta ' ' the data given by himself as the Tesults of systematic work
Means 646465 6403 61 05%)60 57 58|66 56 45)5 52 af Trappes, near Paris. As a first approximation, the Editor
- offers the mean monthly temperatures and annual averages
TaBLE 8.— Fuapor pressure. given in Table 1, as representing an average year between
Diminution with altitude (1:) April, 1898, and July, 1899. This is a rather bold and haz-
R R ardous attempt at generalization, but when we consider that
PO R ‘ o« |l sl .15 |according to his own statement, the mean departure of the
-3 v & Q Q - 3
Stations. 181818, 8|8| 8|3 |temperature from the meanoa.t any given altitude in all types
8|8 ;8|8 | 8 | § | 8§ |of weather, ranges from 5.2° nearest the ground to 6.6° C. at
g !
= | o | & | %@ | & || < 16000 meters, we see at once that the annual averages given
uE in this table have some slight value as an approximation to
gashington,]).c... ................ 0.8 10,821 068 0.60| 0.54 | 0.8 | 045 | 0.84 the normal, provided no systematic instrumental errors in-
alrg, Ill ... covennnevenianene veaens T . . . B3 B e FET T T P
Cincinnati, Ohlo..... . .il0 1100 " o:za | 069 | 057 | 051 [ 0,49 | 045710 e tervene. Better figures will doubtless be given by the author
Fort Smith, ATK ccoveriarneiereent J0082 079 | 0078 | 0065 |.on.| weune|oeriirpiiill himself at some future date.
Knoxville, Tepn......ev vevene. . ggg 8;2 0.66 8;(13 R R | ......
Mi’ﬂ:‘;’z‘fi’ﬂia%lﬂn' LI | 070 | 069 | 058 | 0.48 |"ocap | s | TABLE 1.—Approzimate mean femperatures (Centigrade) obsersed in fres
cf veland, Ohlo ...... .| 0.88 | 0,77 | 0.68 | 0.55 | 0.55 | 0.48 [......|...... air at Trappes during 1898-99.
Duluth, MIDD. cerrone crrennens 1 0.82(0.79{0.74 | 0.64 | 0.57 | 0.56 | 0.45 j...... JR—
Lansing, Mich -..... .| 0.8 | 0.88 | 0.93 | 0.56 | 0.51 Means of
Sault Ste Marie, Mic 0.83 [ 0.56 | 0.71 [ 0.71 | 0-44 , !departures.
Dodge, Kans....- 085 0'84 | 0.80 ; 0.71 | 0.61 g [hepartar
Dubugue, Iowa 0.83 | 0.79 ; 0.76 | 0.50 | 0,56 o . Ed ) -
North Platte, N 0,78 | 0.72 | 0.66 | 0.57 | 0.40 Altitude ;s s (2] .|8|B| 8§ |Cx|—y
Omaha, Nebr.. :0.88 | 0.80 | 0.68 | 0.56 | 0.39 (kllometers). | & | & | o -g gl1€le| - [2a | <8
Pierre, 8. Dak ./ 0.90 1086 |0.75 0.72 0,69 g|lgid!2 o m B S § g 8 |°2|«3
Topeka, Kans. ... .. 0.8 0.800.68 0.56|0.52 2l5 E E ?' eyl B lg|e E § z E‘E gg
] = ]
Mean..... 0.82 | 0.78 | 0.70 | 0.61 | 0.52 S|E|E|<(R|R|R| < (2|S|4|A| < &7 |"
] -] [+] o ] o (] o [+] o -] o o] o L]
—Decr . 2 i ; 501 —B5|— 5 —B5|— 68 —44; 15| (—45) | 45! 55 ~55(—50 —B1 |...... 4.8
TABLE 9.—Decrease of vapor pressure with altitude. O (_333 _86|—45_45_40 e iel 18
» . " |-85|—28|—44/—s0| 30|31 —28| (—28)| 28| —s0{—d0[—35| —88 | 60| 48
Value of (2 ) for the respective altitudes. o+ {=B0|—81|—40/ 8282|283, —21|(—21)[—22—50/—33/—30| —20 | 6.4 | 4.8
P + |--25—26|—82! 25| 24| 14|—15((—14)|—18] —20|—25(~28| —21 | 6.6 5.2
o EEEEEE N N NE e B
. . . = . . : . L 2 —13(—11|—21}—121—12.— 5|— —_ 2)|— 2— T|—12— _— . .
§188)8)8]8/8)8):8 g ik e L
o = 4— 4—¢— 41— 3 - — . .
Character of observatlons. | = | & | 5 | = [ = | 2 | S | o |98 Tl g e 1+1+1n‘+12 Fmir 8o +0) 55| £d
§ § g § § § § § 2 e 4+ 0+ 5+ 6+15+20( (-+18) (+154-144+- 6] 0 9 b5 6.2
| & |d | F S| S| | s |[FE
- ————— J— — 16| 19| 19( 18| 12| 10] 16| (19)| 22 16| 24 24|.....o|ceveecfaaacns
FIBS vvvernrnveees ceereras sen 0.78 1 0.70 | 0.61 | 0.53 | 0.49 | 0.39 | 0.44 l1,128 § 6 9 6 6 = 0 B 2 B Y At
Balloons (Hammon) . 0.96 | 0,87 1 0.68 | 0.44 | 0.59 |............ o) —
Balloons (Hazen) .. 0.83 | 0.80 | 0.78 | 0.67 | 0.46 | 0.44 !...... P ® The temperatures for August are interpolated.
Balloons (Hann) ... { 0:80 £ 0,66 | 0.61 | 0.50 | 0.54 | 0.41 ['0.87: 15t ]
Mountaing (Hann)... 0.51|0.80  0.66 | 0.61/0.58} 0.5 | 0.47 6t| Tt would not be proper to consider these figures as repre-
Computed by Hann’s formula.| 0.85 | 0.81 | 0.72 | 0.65 o.ss|o.52 0.47 [ 0.42 |..... . |senting any other locality than the neighborhood of Paris.
. . — T Meeoroierisohe Zeltsanritt X 15 If the irregularities of temperature continue above the same as
American Moteorological Journal. tMeteorologische Zeltsehrift, IX, 1874. | },014y 1o matter how high we ascend in the atmosphere this
The velocity of the wind was not recorded, owing to the fact|shows that the general currents of air and the presence of
that the small and light anemometer designed to accompany | clouds or haze control the temperatures. Such currents and
the meteorograph could not be completed and tested in time | moisture conditions change with the season, the relative
for use. position of land and water, and the latitude. The existence




